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You want a better position than you now have in 
business, a better and fuller place in life, All 
right; think of that better place and you in it as 
already existing.. Form the mental image, Keep the 
image constantly before you, and -- no, you will not 
suddenly be transported into the higher job, but you 
will find that you are preparing yourself to occupy 
the better position in life -- your body, your energy, 
your understanding, your heart will grow up to the 
job -- and when you are ready, after hard work, after 
considerable preparation, you will get the job and 
the higher place in life. 


-- Joseph H, Appel 
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In the past few years, automatic or push-button tuning has 
been adopted by practically every manufacturer of radio 
receivers, However, automatic station selection is not new 
but rather a refinement and perfection of principles which 
have been in use for several years. 


Although the subject seems very broad, there are only three 
main types of automatic station selector systems which may 
be classified as, 

1. Mechanically Operated Menual Types 

2, Motor Operated Types 

5. Tuned Circuit Substitution Types 


The object of this Lesson is to give you an explenation of 
these basic systems so that you will not have any difficulty 
understanding the principles of operation in any automatic 
tuning system, 


MECHANICALLY OPERATED MANUAL TYPES 
As the heading indicates, this type of system-is mechanically 
operated and functions without any electrical action. Due 
to this fact anyone, without technical training, can understand 
the operation simply by inspecting a system, 


In general, however, the tuning condenser is rotated to the 
desired station reception position by direct mechanical effort 
of the person operating the receiver. This is accomplished 
by an arrangement of push buttons mechanically connected to 

a system of gears, cams and levers which are in turn connected 
to the rotor of the condenser gang. 


The stations are pre-selected and the system is set up to 
them end locked. When this has been done, it is only neces- 
sary to push a button, or level, which mechanically rotates 
the tuning condenser to the corresponding station. 


(MOTOR OPERATED TYPES 


With this type of system, the rotation of the variable con- 
denser gang, to a position corresponding to a desired station 
tuning point, is accomplished by means of an electric motor. 
This system usually includes an electric motar, a station 
selector switch or selector buttons, a selecting commutator 
or other device for stopping the motor and an audio silen- 
cing circuit which operates when the motor is running. 


To show you the actual operation, in Figure 1, we have the 
simplified circuits of such a system in which you will find 
the commutator mechanically comnected to the condenser gang. 
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The-selector switches, are-connected inthe electrical cir- 
cuits of the motor winding, L, Id.and L2, the commutator 

‘and supply transformer. The motors employed in these systems 
are split phase induction type and therefore, no direct elec- 
trical connections are made to the armature. However, al~ 
though not shown in Figure 1, the armature is mechanically 
coupled to the condenser shaft. 


Tracing the motor circuit, we start at the secondary of the 
supply transformer, go through switch j##5 and the motor wind- 
ings up to the commutator. Fron here, the circuit is con- 
pleted through the selector switches to ground and through 
it te the grounded end of the secondary. 


Looking at the switches, you will notice that numbers 1, &@, 

3 and 4 are normally open, closing their circuits when pushed 
‘or depressed. Switch #5, which is used to change from manual 
to automatic tuning, has the opposite action and is normally 
closed but opens its circuit when depressed. 


Mechanically, the arrangement operates so that when any one 
switch button is depressed, all of the others are released. 
Thus, in normal operation, only one switch button will be 
depressed at any time. However, should two or more buttons 
be depressed at the same time, they will remain in that pos- 
ition until released by the operation of another button. 


In order that you can understand the action, we will assume 
that you have the receiver in operation and desire to set 

up the push buttons to your favorite stations which we call 

A, B, Cand D. As button #3 is show depressed in Figure 1 
your first step would be to depress push button #5, which 
would release #3, and then manually tune in station A, which 
we will assume moves the insulated strip of the camutator to 
a position between contacts 1 and 2. With station A carefully 
tuned in, you depress push button #1, while holding in #5, — 
thus opening switch #5 and closing switch #l. 


Under these conditions let us follow the. action in the elec- 
trical circuits. From the supply secondary, the circuit is 
through the indicator lamp, connected across switch #5, 

coils L and Ll, to the commutator, to contact #1 and through ~ 
switch #1 to ground. Therefore, there is a complete current 
path which will cause the indicator lamp to light. The cur- 
rent, of course, will also be in the motor but, because of the 
lamp in series, will. be too small to cause the armature to 
rotate. 


Now, with the insulated section of the commutator between 
contacts 1 and 2, contact #1 is moved until it rests on the 
insulated section, breaks the circuit, and causes the indicator 
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lamp to go out, Remember also, that this is the position of 
the selected station A. With this setup, suppose we release 
push buttons 1 and 5 and return the commtator to the position 
shown in Figure 1. 


Then, as switch #5 is closed, the indicator lamp is shorted 
out of .the circuit and by depressing push button #1 only, 
there will be current in the motor coils L and L,, the com- 
mutator, contact #1 and to ground through switch #1. This 
current Will cause the armature of the motor to revolve in 

a counter-clockwise direction and because of its mechanical 
connection to the condenser shaft, will cause both the con- 
denser and commutator to revolve in the same direction, This 
motion will continue until the insulated segment of the com- 
mutator is under contact #1, breaking the circuit, and stop- 
ping the motor, As the position of contact #1 emforms to 
the tuning condenser 's manual setting for station A, the 
motor has automatically tuned in this station, 


Starting with the ponnncta ten insittetion~in a horizontal po- 
sition, instead of vertical as shown, the motor current will 
be from the supply through coils L and Lz, thus making the 
armature revolve in a clockwise direction until the circuit 
is broken by the insulated segment, again tuning in station 
A. ' 

( \ 


Buttons #2, 3 and 4 are set up in exaetly the same way as 
button #1 and will correspond to stations B, C and D, Once 
these buttos are set up, it is only necessary to depress 

one of them and the station corresponding to it will be auto- 
matically tuned in, In Figure 1, button #5 is used only to 
change from manual to automatic tuning and to assist in the 
original setting up of the selectors or push buttons. 


In the beginning of this explanation) we told you that usually 
an audio silencing system is applied to-this type of auto- 
matic tuning, This action is generally accomplished by 
positioning the armature of the motor Slightly out of the 
center of the magnetic field set up by the motor coils, It 
is held in this off center position by a flat phosphor bronze 
spring which is electrically cmmnected to ground. A contact 
connected to the grid of the first audio tube, is placed 
close to the spring, When the motor windings are energized, 
the armature is drawn into the center of the magnetic field 5 
pushes the spring over and closes the circuit between it and 
the audio contact, This grounds the gria of the first audio 
stage and thus silences the system, When the motor windings 
are not energized, the spring holds the rotor out of position 
and opens the contact circuit thus allowing the audio ampli- 
fier to operate normally, 


2 - 
iG al o —, 
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There are many variations of motor driven tuning systens 
but, basically they are all the same. Therefore, if you 
fully understand Figure 1, you will not have any difficulty 
with others, The number of push buttons will depend on the 
design and you will find systems using more or less than 
the number shown in figure 1. 


——— 


TUNED CIRCUIT SUBSTITUTION TYPES 


In this type of autonatic tuning, a latching or ladder type 
push button switch selects pre-calibrated tuned circuits 
which are substituted for the usual variable condenser tuned 
input and oscillator circuits. In general, there are two 
types of pre-set circuits in use; 1. ondenser tun- 


ing and 2. Iron core or "Permeability" tuning. 
Ea = 
a is ee ee nabeunse ies ah Sian 









In Figure 2, we have an arrangement using tr condenser 
tuning and, in order to simplify our explanation, have shown 
only those circuits which are directly affected. That is, 

the condenser tuned input, LC, and the oscillator Cl-L1. In 
all of these circuits, a switching arrangement is necessary 

to change from manual to automatic tuning and in Figure.2, this 
is accomplished by switch 71. Tho upper pair of contacts 
control the tuned input circuit and the lover pair control 

the oscillator circuit. Hach pair of contacts, of course, 

are insulated from the other. 





Notice, when button jl is depressed, the upper pair of con= 
tacts are shorted, thus closing the circuit between C and L, 
which also connects to the input grid of Tl. This tube is a 
pentagrid converter, serving as the 1st detector and oscillator 
of a superheterodyne receiver. Button yl also closes the 

lower contacts, connects Cl to Ll which, in turn, connects 

to the oscillator grid of Tl. Under these conditions, the 
circuits are conventional and the receiver tunes manually. 


Suppose now we depress button #2 which as-explained for Fig- 
ure 1, releases jfls This will disconnect condenser 0 from 
coil L and substitute trimmer condenser C2 in its placee 
Likewise, in the oscillator section, condenser Gl will be re= 
placed by trimmer condenser 03. However, the coils L and Ll 
remain in their proper circuits. 





Thus, if G2 and 03 aré adjusted a et to\properly tune 

some desired station, it can be received by simply depress— 
ing button #2. The other buttons,.5, 4, and 5, operate exactly 
the same as #2 and it is only necessary to tune their trimmer 
condensers to the desired stations. Once this is done, the 
Stations can be received by simply depressing a button. For 
manual tuning, button #1 is pushed in. ie 


si ols i 
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In Figure 5, we have a little different system of substitution 
push button tuning and, before going into the action, want 
you to understand the operation of switch #5. This switch 

is made up of two parts, one contact of which is connected 

to condenser C,. As shown by the broken line, this switch 
arm also controls a sliding contact which changes the opera- 
tion of the receiver from manual to automatic tuning, 


\ 
Notice, that when fide oedtcn a NGaeeey both ends of con- 


denser C, are at ground potential, thus making the push 
button assembly inoperative, Closing this switch also moves 
the sliding contact so that the upper three circuits on each 
side are connected together while the lower contacts are open. 


If you will trace throdwh these circuits, you will find this 
movement of the contact simply makes !connections so that the 
manual tuning circuits, Le-Co and Le-Ca, are operative, The 
resistance condenser combination of C, and R, is employed so 
that the input grid cireuit can be controlled by ave. 


The automatic tuning system of Figure S.makes use of the 
fact that the inductance of a winding varies directly with 

a change in the permeability of its core material, To make 
use of this action, specially prepared iron slugs, which have 
very low loss at radio frequencies, are placed inside of the 
coils and so euenged/ phar they can be mechanically moved in 
or out. / 


{ eS 

From your earlier lessons, you mow that the permeability of 
these iron slugs will be much highe?~than that of air and 

as they are moved in and out of a coil, its inductance will 
vary accordingly, Due to the fact that the inductance can 
be varied, it is possible to tune over a definite band of 
frequencies using a fixed condenser, the same as we can tune 
with a fixed inductance and variable condenser, L= 


= \ 
In Figure 3, we show four sets of these coils and have indi- 
cated their functions by marking them "Ant. Coils" and 
"Osc. Coils", It is quite easy to gang these coils and iron 
Slugs so that each pair may be tuned by only one adjusting 
knob, such as shown by the arrows extending through the 
coils in Figure 3. ‘Turning this knob, will move the slugs 
in or out of the coils as desired. 

\ 

Checking over the push button circuit, you will see that the 
arrangement is very similar to that of Figure 2 except here 
we employ tuned inductances instead of tuned trimmer conden- 
sers. Like the trimmer condensers, the inductances are pre- 
set, or tuned, to the desired station, which can then be heard 
simply by depressing a button. 


~ == ~ 
In Figure 3, the antenna is coupled ‘to the input grid of the 
first detector by condenser (; and condenser C, is employed 
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to compensate for variations in antenna capacity. In the 
oscillator circuit, it is necessary to alter the tuning curve 
go as to provide for tracking between the oscillator and first 
detector circuits. 

ee — 
As we explained in the: earlier Iessons, for the ‘normal tuned 
circuit, this may be accomplished by means of a trimmer and’ 
padding condenser working in conjunction with the oscillator 
section of the variable condenser, However, as no variable 
condenser is used with the iron core coils, a different method 
must be employed. eee : 
Tt has been found that a small winding, connected in series 
with the oscillator grid end; of the automatic windings, and 
so placed as not to be affected by the iron core will, at 
properly designed, alter. the shape of the tuning curve at the’ 
high frequency portion of the coil's range. Also, when two 
inductances are connected in parallel, the maximum inductance 
is limited by the size of the smaller of the two. 


Ca 
In Figure 3, coil 13 is the padder wining and also serves 

as a means of coupling to the oscillator plate coil 14, When 
used in conjunction with the smaller winding mentioned above, 
which is LS in Figure 3, the shape of the tuning curve is 
altered so as to allow excellent tracking. Variations of 
temperature and humidity are compensated by means of C6 which 
is a small fixed condenser composed of silver surfaces spray- 
ed on a special ceramic tube. With this construction, changes 
of capacity due to temperature and humidity are opposite to 
similar changes in the coil. 

ees 

The main advantage of the substitution type of automatic 
tuning, compared to the motor driven type is that a station 
ig tuned in as soon as the button is depressed. In the motor 
driven type, one must wait until the commtator and condenser 
gang have rotated to the desired setting, Both, however, 
have an advantage over the mechanical systems which are some- 
times difficult to tune exactly to resonance. 


a ee 
AUTOMATIC FREQUENCY CONTROL ~- 
jm order to compensate for improper tuning adjustments, oscill- 
‘ator drift and tracking inaccuracies, some of the earlier 
models of the larger superheterodyne Radio Receivers employed 
what is known as “Automatic Frequency Control", cammonly.re- 
ferred to as "A.F.Cs7 Si NS 
SS ae 
The function of this arrangement was to automatically vary the 
frequency of the receiver oscillator, over a predetermined 
range, so that the frequency difference between it and the sig~ 
nal frecuencies was always equal to the intermediate frequency 
for which the receiver had been designed or tuned, 


lesson 27 Page 7 


The application of A.F.C. was recuired to make some of the 
earlier Push Button Tuning systems commercially practical but, 
at the present time, tuning arranganents have been perfected 
to such an extent that A.F.C. is not needed. However, it does 
have some advantages but the additional tubes and circuits it 
requires are too expensive for the common types of Broadcast 
Radio Receivers. 


Although A.F.C, is no longer popular, some of its circuits 
have been adapted for use in modern Mrgguengy Mod ation Be- 
geivers and, as these will be fully explained in the later 
Lessons, at this time we want to give you only a general idea 
of the action. or «ane 


The complete A.F.C. system was required to perform two separate 
functions, usually by means of a "Discriminator" and a "Fre- 
quency Control" each of which reqtired a Gis 


aa . — 


The discriminator was used to convert changes of intermediate 
frequency into corresponding variations of voltage. When the 
incoming I.F. was too high, the discriminator produced a volt— 
age in one direction but, when the incoming I.l. was too low, 
the discriminator produced a voltage in the opposite direction. 
When the I.F. was correct, no voltage was produced. 


The amplitude or strength of these voltages was proportional 
to the difference between the incoming and correct intermediate 
frequencies and thus frequency changes were converted into 
corresponding changes of voltage. 


The discriminator voltages were fed to the "Frequency Control! 
tube which operated to control the frequency of the Receiver 
Oscillator. With voltage in one direction, the control tube 
caused an increase of oscillator frequency but, with voltage 
in the other direction, the frequency of the oscillator was 
decreased » 


You need not worry about the actual circuits at this time be~ 
cause, as mentioned above, a complete explanation of the dis- 
criminator will be found in the later Lessons. 

TNL ae = 


ee 
TUNING INDICATOR 


Since the advent of A.V.C., Radio Receivers have been equipped 
with various types of tuning indicators practically all of 

Gishl I sy . 

which operate because of the Ase, action. 


A number of factors are responsible for the widespread adoption 
of tuning indicators of one type or anothers Because, in 
addition to their usefulness in tuning to exact resonance, 
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manufacturers realize that their incorporation constitutes. an 
important item in increasing. the attractiveness ‘and salability 
of their receivers. 


You have no doubt seen various shapes and sizes of receiver 
tuning. indicators and, for the most part, probably cach seem- 
ed separate and distinct. However, in general, we can put all 
types. in three classes, and list them. as,. 


aes ter ty indicators 
2. Saturable core type indicat ors 
3. Cathode ray indicators 





For the remainder of this Lesson, we will explain each type 
and show you how they are connected in the circuit. 


METER TYPE TUNING INDICATOR 


From.the explanations of the earlier Iessons, you will re- 
member that A.V,C. operates by feeding a control voltage to 
one or more R.F., Mixer, and I,F,tubes. The magnitude of 
this control voltage depends upon the amount of signal, which 
reaches the second detector and, applied to the grid of the 
‘controlled tubes as a negative bias, it will have an effect on . 
their plate current. That is, when a strong signal reaches 
the A.V.C. rectifier, there will be a high negative bias on 
the control grid and the plate current will be reduced. When 
a low signal reaches the second detector or A.V.C. rectifier, 
' the controlled tubes will have a minimum negative bias and 
maximum plate current. : 


_ From your former study of tuned circuits, you know that, at 
resonance, the amplitude of the impressed A.C.voltage will 
be maximum. Applying this to the functioning of a receiver, 
as a station is tuned in, the voltage at the second detector 
will gradually increase and be maximum at resonance. This 
will cause a maximum control voltage, the magnitude of which 
will depend on the strength of the signal, to: be applied as 
a negative bias to the controlled tubes, reducing their plate 
current, 


Therefore, if a sensitive current meter is placed in the plate 
‘circuits of the controlled tubes, it will register minimm 
current when a-station is properly tuned in. The exact swing 
of the meter pointer will depend on the negative bias volt- 
age applied to the controlled tubes which, in turn, depends 
on the strength of the input signal. 


P 
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In Figure 4, we show a simplified arrangement of such & 

em and you will notice the meter iis connected in series 
with the plate circuit of the controlled: tube [1. Tube Te 
acts as a second detector and A.V.C. vectifier, the A.V.C. 
control voltage being developed across R2 and c4 while re- 
sistor Rl and condenser C5 forma one section A.V.C. filter. 
The control grid of Tl is connected to the lower end of Rl, 
through the I.F. transformer secondary Ll, and the circuit, 
is completed to ground through RL and Re. 


With no signal on the centrol grid of T1, there will be 
minimm bias voltage and maximum plate current which will be 
registered by the meter, When a signal is tuned in,: there 
will be a voltage drop across R&, which will increase the 
negative bias on the control grid of T1 and thus reduce the 
plate current. Therefore, to tune to resonance with an in- 
coming carrier, the tuning controls are adjusted until the 
meter registers the lowest plate current for that station. 


In practice, you will find the meter camouflaged in many 
different ways, the most common, perhaps, being the shadow- 
graph or shadow meter. In construction, the shadow~graph 
indicator mechanism employs a small permanent magnet which 
is in the form of a circular flat ring having @ small air 


gap. 


The moving armature, which forms the indicating part of the 
system, consists of a flat disc of soft iron, with a rec- 
tangular slit-in the center, and is mounted within this ring, 
so that it pivots on two opposite supports. 


A thin, black opaque vane, is mounted in the middle of this 
slit and rigidly attached to the iron armature so that any 
movement of the armature is accompanied by a corresponding 
rotation of the vane. A coil of wire surrounds the permanent 
magnet in such a way that the magnetic field, due to current 
in it, is at right angles to the plane of the permanent magnet. 


With this mechanical arrangement in mind let's see just how 
the unit functions. First, the magnetic field of the per- 
manent magnet tends to keep the armature in a horizontal 
plane because the air gap allows the leakage .flux to penetrate 
the soft iron of the armature. Under this condition, the 
armature assumed a position which enables the naximum_amount 
of leakage flux of the permanent magnet to pass through it. 

In other words, the permanent magnet acts as the force which 
holds the armature at the zero current position. 


The deflection.of the armature and therefore the vane, is due 
tio the magnetic field created when there is current through. 


D 
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the shadow-graph coil. Its field is at right angles to that 
of the permanent magnet and therefore the combined field is 
distorted or changed in direction sufficiently to rotate the 
armature and attached vane, The greater the current in the 
coil, the greater its magnetic field and consequently the 
greater the angle through which the armature and vane are 
rotated. 


eee 


From your former studies, you can see that the action of the 
shadow-graph is essentially that of a meter and therefore it 
can be used in place of the meter shown in Figure 4, The 
only difference being that instead of an ordinary pointer 
indicator, it has an optical system arranged so that the 
reading is represented by the width of the shadow formed on 


the screen. 


The simple optical system is composed of a pilot lamp, placed 
behind the slit, so that the light is transmitted through 
the slit to a small screen, As the vane is located in the 
slit, the width of the shadow, cast on the screen, will be 
determined by the position of the vane, which is emtrolled 
by the current in the coil. 


In most cases, the position of the vane is such that at 
maximum current, the shadow will have its greatest width. 
Therefore, when tuning in a station the shadow will narrow, 
due to the ave action, and become minimum at resonance. 


\SATURABLE CORE TUNING INDICATORS 
RS ee Se 


The Saturable Core type of tuning indicator depends for its 
operation upon the variable impedance of an iron core 
inductance which carries a d-c magnetizing current. This 
may seem rather complicated but the principles involved heve 
already been covered. 


Filter chokes, as used in the ordinary power supply, carry 
both a-c and d-c current components and are usually rated 
in.accordence-with the values of direct current they will 
safely carry. This value of direct current must not be 
exceeded if the inductance of - the filter choke is to.be 





maintained, = —_ 
Le SS 

In other words, the inductance of the choke coil depends in 

a marked degree upon the value of direct current in the coil, 

Whenthe direct current in an iron core coil is excessive 

the_core is said to be "saturated" and its inductance falls 

to a very low value. wi L 


- ——__ = 





Saying it in a little different way, when the core is 
saturated, it is impossible for the flux to change in accord- 
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ance with the applied a-c voltages, This means there will be 
less reverse voltage set up and thus a lower value of induc- 
tance, or impedance. 


In Figure 5, we have plotted a curve of direct current against 
inductance, or impedance, in an iron core coil. You can easi- 
ly see that as the direct current increases, the impedance of 
the coil decreases, We do not show any actual values because, 
at the present time, we are interested only in the general 
Shape of the curve, 


To employ this principle to tuning indicators, it is general- 
ly found necessary to isolate the d-c winding, used to satu- 
rate the core, from the a-c winding which operates the tuning 
indicator, This is accomplished by using a transformer with 
two windings as shown in Figure 6, 


Although this circuit is a ait Wea tupereeee it will 
show the action which takes place in a saturable core tuning 
indicator, The primary winding I), connected in series with 
the battery and variable resistor R, is used to carry the 
d-c and saturate the core, The secondary Lo, in series 
with the lamp, is connected across a low voltage a-c supply. 
In a receiver, this a-c supply is generally obtained from 

a winding on the power transformer. 


Sere 
Keeping the former explanations in mindy_let's assume the 
variable resistor R is set so that the d-c current in I, . 
is very low, From Figure 5, this shows that the impedance 
or inductance, of coil Ls, Figure 6, is high. Due to this 
high impedance, the current through the lamp will be low, 
and it will light dimly. 


Now, let's imagine the resistancé-of R is ‘adjusted to a low 
value and allows a high d-c current through lj. As shown 
by the curve, this will cause a decrease in the impedance 
of Le, allow more current through the lamp and cause it to 
light more brilliantly. 


The simple transformer errengement of Figure is not favor- 
able for use in radio receivers because the a-c voltage in 
coil Ie, will induce a voltage in l1, which is usually con- 
nected in the plate circuits of the ave controlled tubes, 
This condition of course, would cause an a-c hum in the 
speaker, 

eee Sa are NS 
To overcome this difficulty, the windings ar placed on a 
three-leg transformer core as shown in the lower part of 
Figure 7. The primary winding Lg, wound on the middle leg, 
has one end connected to the plates of tubes Ty and Tp, 
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through the primaries of their i-f transformers, and the 
other end to B+. Thus, coil Lg Will carry the plate current 
of both Tr and To. 


The secondary winding isan ‘a eeeutien. Ls and L,, wound 
on the outer legs of the care, These two sections are joined 
in such a way that the a-c current in each of them will in- 
duce equal and opposite voltages in the primary Lz, so that 
no net a-c voltage appears, The lamp is in series with the 
outer ends of the secondary sections which are connected in 
series across an a-c source. 


Going over the rest of the circuit of Figure 7, we have two 
i-f amplifier tubes, T, and T,, the control grids of which 
are connected to an ave voltage, With no input signal to 
the amplifier, the negative bias on the control grids will 
be minimum and the plate current maximum. As this current 
is in Lg, it will tend to saturate the core of the indica- 
tor transformer and lower the impedance of the secondary, 
causing the lamp to burn brightly. 


When a signal is tuned in\_the al tion will increase 
the negative bias on the comtrol grids of T, and T,, and 
cause a decrease of their plate currents. This, in turn, 
will increase the inductance of the secondary and dim the 
lamp. It can therefore be seen that with this system, 
resonance with an incoming signal will be indicated by a 
dimly lit lamp. 


Another application of the saturable core principle, makes 
use of different colored lights to indicate resonance. As 
far as the mechanical arrangement is concerned, the dial 
scale lighting is accomplished by means of four red bulbs 
and three green bulbs spaced alternately behind the linear 
scale. 


When no signal is tuned in, the-réd At light brilliantly 
and the green bulbs are so dim that the net result is a red 
glow over the entire scale, When the signal is accurately 
tuned in, the red bulbs are dim and the green bulbs are 
sufficiently brilliant to cast a green glow over the scale. 
For intermediate positions, when the signal is only partly 
tuned in, the illumination is a combination of green and red 
which combines to produce a whitish light. The sequence of 
changes as a signal is tuned in, will be from red to white 
to green, the latter condition indicating resonance, 


The electrical system employed $6 acesmplish this action is 
shown in the circuits of Figure 8, where coils I, and L, are 
the primary and secondary of a saturable core transformer, 


Ss 


oe 
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like that explained for Figure 6, A separate tube Tl, is 
employed to provide the D.C, saturating current and its 
control grid is connected tq_the AWC. voltages 
— NS 

The lamp network consists of seven pilot lights connected to 
the secondary L2, while the A.C. voltage is obtained from 
a winding on the power transformer of the receiver. In our 
explanation, ws will consider lamps Tl, Te and T3 as green, 
with T4, T5, T6 and 17 red., : 

vie 


Also, we will assume the impedance of 12 varies from 25 ohms 

s, the exact value at any instant, depending on tl 
plate current of T]. That is, with no signal, the negative — 
bias on Tl will be minimum and the plate current high, re- 
sulting in an impedance of 25 ohms for Le. With a strong 
signal, the negative bias on Tl will be maximum and the plate 
current low, causing the impedance of E& to increase to 700 
ohms. eee 
Now, let us see what happens when we have a 'no signal” con+ 
dition in the veceiver. As mentioned above, tube Tl will 
draw its maximum plate current and cause a 25 ohm impedance 
in L2. The resistance of the three green lamps will be 
quite high in comparison and the current in them so small 
that they will barely light. Under these conditions, how- 
ever, the total current in Lé and the green lamps will be 
quite high and passing through the red lamps will cause 
them to be brilliantly illuminated. 

i 
When the receiver is tunéd to a signal, we have an entirely 
different set of conditions. Due to the increased negative 
bias, the plate current of Tl will be low, and cause the 
impedance of I2 to increase to 700 ohms. In comparison to 
the resistance of the green lamps, this value is large enough 
to consider Ie as being open circuiteds 
\iepeee 


With 12, thus eliminated, in effect we have nothing but a 
simple series circuit but the total current is less than in 
the former "no signal" condition because the shunting effect 
of L2 is removed, Not only is the total current reduced, 

but because of their parallel=series connection, the current 
in each red lamp will be only halt of that in the green lamps. 


‘The decrease in total current, and the division of current. 
between the two parallel branch circuits of red bulbs, causes 
them to light dimly when a signal is received. The total 
current from the A.C, source however, must pass through the 
green lamps and therefore they light to full brilliancy. 

= 


Summarizing , the red lamps light brilliantly with no signal 
vhile the green lamps are brilliantly illuminated when the 


P 
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station is carefully tuned. in and’ the-entire.action depends 
on the variable impedance characteristic. of the secondary. 
coil Lk: c 


ATE i TUNING INDICATOR 


Perhaps the most common type of tuning indicator in use. to- 
day, is the "lagic Eye" tube. The action of this tube is ~ 
very interesting but before going into detail, it is necessary 
that we explain the location of the various elements which 


make up the entina Aesemblys 


For Figure 9, we show a simplified, cross sectional view of 
the tube, with all of the various elements properly marked 
and.want you to pay particular attention to their Location. 
You will notice that there are essentially two separate 
tubes with a common heater and a split ¢athode. One ef these 
tubes is a triode which functions normally and, in case you 
_have forgotten its operation, we suggest that you review the 
earlier Iessons. 


’ a 

The target of the other section is ¢ ted with a material . 
which glows or fluoresces when electrons strike its The pur- 
pose of the target is to attract electrons from ‘cathode tk" 
and to show this action by fluorescing over a certain part of 
its coated area. 

ee ae 
Between the cathode and target we show another element,: 
technically known as the ray~control electrode, which is 
tied directly to the triode plate. As we will show later 
in our explanation, the operation of the visual indicator 
section of the tube depends on the control which the ray- 
control electrode can exercise over the area of the target 
which is struck by the electrons. In this section of the 
tube the purpose of the cathode is to supply the. necessary 
electrons for the target. 
— 

The cathode light shield, which is made of an opaque substance , 
is placed directly over the cathode. Its purpose is ‘to elin- 
inate any of the light produced by the heater and usually 
black in color it gives one the impression of being the pupil 
of an "eye". 
Tracing the circuit of this type of tube, as connected in 
Figure 10 the plus terminal of the 250 volt supply connects 
directly to the target and to the triode plate through re- 
sistor R2 while the cathode connects to the negative of the 
supply, as a return for the plate circuit. From the triode 
grid, there is a connection to the center arm of a potentio~— 
meter which is connected across a 12 volt battery, the plus 
of which is tied to the negative of the plate supply. 


P 
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Forgetting the visual indieating section for a moment, we 
have the normal connections for the grid and plate voltages 
of a common heater type triode with the potentiometer, R,, as 
a means of varying the grid voltage, 

Ne “ 
From our former explanations, you know that if the arm of the 
variable resistance is at the plus side of the battery, there 
will be zero bias, the plate current will be maximum and the 
voltage drop across Re will be the greatest. However, if the 
arm is at the extreme negative position, the grid bias will 
be maximum, there will be low plate current and the drop 
across Re will be small, Nae 
Go over the above explanation several times because, as the 
ray-control electrode is connected directly to the plate of 
the triode, it is actually the triode section which controls 
the electrons that strike the target. 


\ 
Looking at Figure 10 again, and~thinking of the tube as a 
whole, with the filament heated, the cathodes giving off elec- 
trons and the arm of the potentiometer set for zero bias, 
there will be maximum current in the plate circuit. Under 
these conditions the voltage drop across Rp will be maximum. 


With an assumed maximum drop of\20Q-voltS across Re and a 
250 volt supply, there will be 250-200 or volts actually 
on the plate of the tricde. As the ray-control electrode is 
directly conected to the plate, the 50 volts will also be 
applied to it. The voltage on the target is 250 volts, and 
thus, there is a difference of potential of 250 - 50 or 200 
volts between the target and ray-control electrode. Hence, 
the ray-control electrode is 200 volts negative in respect 
to the target. Go over this last statement again because 
it is important, 

Cat oes 
Before going further, we want you to go back to Figure 9 
and notice that the ray-control electrode is placed between 
the target and cathode. Thus, as it is 200 volts negative 
in respect to the target, the ray-control electrode is going 
to have a tendency to repel the electrons around it. This 
means that practically no electrons will reach a portion of 
the target affected by this action, 





In Figure 11-A, we show a sketch of the top view of the "magic 
eye" with the cathode light shield removed to show the position 
of the elements. The shaded area is that pert of the target 
which no electrons strike and, in actual operation, resembles 

a shadow, The other partion glows or fluoresces a greenish- 
yellow color, This large shadow is due to the repelling 
action of the ray-control electrode, which does not allow 
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any electrons to strike thet section of the target. A 
shadow of this type is found when the control grid bias 


voltage is practically zero eee 


Going back to Figure 10 again, but this time with the 
potentiometer arm in the negative position, resulting ina 
high bias voltage, the plate current will be small and we 
will assume the drop across R& is only 5 volts. 
NN 

Thus, we will have 245 volts on the ray-control electrode and 
the difference of potential between it and the target would 
only be 250 ~- 245 or 5 volts. Hence, the ray—control electrode 
Will only be 5 volts negative in respect to the target and 
will not have any noticeable repelling action on the electrons. 

Sa 


Therefore, as shown in Figure 11-B, when there is a high 
negative voltage on the control grid of the triode section, 
the width of the shadow will be practically that of the 
physical dimensions of the ray-control electrode. 


In order that you may become familiar with its application 

to radio receivers, in Figure 12 we have the simplified 
connections of a "Magic Eye" to a half wave rectifier tube TL 
which functions as a second detector and A.V.C. rectifier. 


Tracing the circuit, you will find the 250 volt supply 
connected directiy to the target and through a dropping 
resistor, R2, to the plate of the triode section of the tuning 
indicator. The grid circuit is connected across the diode 
load resistor R and the drop across it, which depends on the 
signal strength, provides the negative grid bias. 


With these connections, when we slowly tune in a station, the 
voltage at point X will gradually becume more negative with 
respect to ground until, at resonance, (when the stetion is 
exactly tuned in) it will have maximum value. As this voltage 
is applied to the grid of the triode section, it will cause 

a variation of plate current which, in turn, will vary the 
voltage on the ray—control electrode. 


Thus, when no station is tuned in, the ray—control electrode 
will be negative in respect to the target and the shadow on 
the screen Will look like that of Figure 11-A. As resonance 

is gradually approached, the ray~control electrode becoies less 
negative, the shadow tends to narrow and, at resonance, will 
look Like Figure 11-E. The size of the minimum shadow being 
determined by the mechanical dimensions of the.electroda.s 


There are several types of cathode ray tuning indicators on 
the market but they all operate on the principles oxplained 


1) 
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in this Lesson, Some are arranged to give a circular shadow 
instead of the angular type explained and there are various 
values of cut-off bias voltage of the triode sectim. For 
example, one type cuts off at -8 volts on the control grid 
while another has a -22 volt cut-off but, on both instances, 
there is +250 volts on the target. This variation of bias 
voltage is to compensate far the different control voltages 
developed across the ave rectifier, 


Although the explanations of this Lesson have been on the 
so-called "accessories" of a radio receiver, their wide 
spread application makes a complete understanding of their 
operation necessary, Therefore, be sure that you understand 
‘ all the principles before going to the next Lesson, 











FIGURE 2 





FIGURE 3 





FIGURE 4 





iS 
Zz 
a 
oe 
i 
i 
1 
5 

js 
oe 
fay 


° 


FIGURE 6 


FIGURE 5 





z 
& 
s 
as 
5 
3 


TO AC. SOURCE 





FIGURE 7 





To 
AC, SOURCE 





FIGURE 8 






TARGET 






AY CONTI 
aa ELECTRODE 

CATHODE CATHODE LIGHT 

HEATER SHIELD 





GRID 


. Ly ) Irarcet 
NY 
SEATE Passes \ TT] 


TRIODE PLATE TRIODE GRID 


FIGURE 9 


CATHODE &) 
T (TARGET) 





FIGURE 10 


POSITION OF LIGHT SHIELD: 
CATHODE 
RAY CONTROL ELECTRODE 


FIGURE 11 





| 
. 


tion selector systems? 

In general, the three main types of automatic station selec- 
tor systems are (1) Mechanically Operated Manual Types, (2) 

Motor Operated Type and (3) Tuned Circuit Substitution Type. 


What type of electronic motor is generally employed in "Motor 
Operated" sitaiion selector systems? 
Spit ynase i#duction motors are generally employed in 'Motor 
OpeiMtec" station selector systems. 

ba ee 
In what receiver circuits ig-a "Tuned Circuit Substitution 
Type" station selector system contiected? 
A "Tuned Circuit Substitution Type” station selector system 
is connected in the grid circuits of the lst detector and 
oscillator. 


\ 
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: \ QUESTIONS AND ANSWERS 
1. In general, what are the three main types of automatic sta- 
- 


Electrically, how isthe inductance of the coils, in the auto- 
matic station selector of Figure 3, varied? f 
In Figure 3, the inductance of the automatic station selector 
coils is varied by changing the permeability of the core. 


What are the three general classes of tuning indicators? 
The three general classes of tuning indicators are (1) Meter, 
(2) Saturable core and (3) Cathode Ray. 


What receiver circuit controls the action of most tuning in- 
dicators? 

The ave circuit of a receiver controls the action of most 
tuning indicators. 


When operating a receiver with a "Meter Type Indicator" 
should one tune for maximum or minimum meter current? 

When a 'Meter Type Tuning Indicator" is employed, one should 
tune the receiver for minimum current, 


Does an increase of d-c current in the primary of a saturable 
core transformer increase or decrease secondary impedance? 
An increase of d-c current in the primary of a saturable core 
transformer causes a decrease of secondary impedance. 


With practically no bias voltage on the control grid of a 
"Cathode Ray Tuning Indicator" tube, will the shadow be large 
or narrow? 

With practically no bias voltage on the control grid of a 
"Cathode Ray Tuning Indicator" tube, the shadow will be large. 


Electrically, what is the purpose of all tuning indicators? 
Electrically, the purpose of all tuning indicators is to 
assist the operator to tune the receiver to exact resonance 
with an incoming carrier, 


